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samples were measured in reflector ion mode and calibrated by comparison to SpheriCal (Polymer Factory) single molecular weight standards (500 -1800 g/mol).
Ice wafers were annealed on a Linkam Biological Cryostage BCS196 with T95-Linkpad system controller equipped with a LNP95-Liquid nitrogen cooling pump, using liquid nitrogen as the coolant (Linkam Scientific Instruments UK, Surrey, UK). An Olympus CX41 microscope equipped with a UIS-2 20x/0.45/∞/0-2/FN22 lens (Olympus Ltd, Southend on sea, UK) and a Canon EOS 500D SLR digital camera was used to obtain all images. Image processing was conducted using Image J, which is freely available from http://imagej.nih.gov/ij/.
Ice Recrystallisation Inhibition 'Splat' Assay
A 10 µL droplet of polymer in PBS solution is dropped from 1.4 m onto a glass microscope coverslip, which is on top of an aluminium plate cooled to -78 °C using dry ice. The droplet freezes instantly upon impact with the plate, spreading out and forming a thin wafer of ice. This wafer is then placed on a liquid nitrogen cooled cryostage held at -8 °C. The wafer is then left to anneal for 30 minutes at -8 °C. Three photographs are then taken of the wafer in different locations at 20 x zoom under cross polarisers. The number of crystals in the image is counted, again using ImageJ, and the area of the field of view divided by this number of crystals to give the average crystal size per wafer, assuming equal crystal size.
Synthetic and Experimental Procedures
Synthesis of poly(MDO-co-VClAc) using the RAFT/MADIX polymerization As a representative example, 2-methylene-1,3-dioxepane (MDO) (0.126 g, 1.10 × 10 -3 mol), vinyl chloroacetate (VClAc) (1.20 g, 9.95 × 10 -3 mol), O-hexyl-S-methyl-2-propionylxanthate (CTA) (9.7 mg, 3.6 × 10 -5 mol), AIBN (1.8 mg, 1.1 × 10 -5 mol) were placed in an ampoule and subjected to a further three freeze-pump-thaw cycles and then backfilled with nitrogen. The resulting solution was stirred and heated to 60 °C for 5 hours before the polymerization was quenched by plunging the ampoule into an ice bath. An aliquot was taken prior to precipitation in order to determine the monomer conversions using 1 H NMR spectroscopy. Poly(MDO-co-VClAc) was dissolved in a small amount of CHCl 3 precipitated several times in hexane until no further monomer residue was observed.
Finally, the colorless solid was dried under vacuum. 
Copolymer Deprotection
As a representative example, the deprotection of the MDO-VClAc copolymer was carried out by dissolving 100 mg of copolymer in 10 ml 1:1 THF/MeOH followed by the addition of 20 mg potassium carbonate. The solution was stirred for 10 minutes at room temperature and the solvent removed under vacuum. The resulting solid was dissolved in deionised water and filtered, followed by dialysis (Spectra/Por, 100-500 MWCO) for 1 hour with 3 water changes. This solution was then freeze dried to remove water, and the polymers recovered were analysed by 1 H and 13 C NMR 
Copolymer Degradation
As a representative example, the deprotection of the MDO-VClAc copolymer was carried out by dissolving 100 mg of the copolymer in 1 ml THF. 0.2 g of sodium hydroxide was dissolved in 4 ml deionised water and the solutions combined. The solution was stirred uncovered for 2 hours at room temperature, and then placed in a water bath at 60 °C for 4 hours. Samples were filtered through a plug of amberlite resin to remove any residual hydroxide and dialysed (100-500 MWCO) for 2 hours with 4 water changes. 
Copolymer Reacetylation
As a representative example, 5 ml of acetic anhydride was added to a subasealed vial containing 5 ml of pyridine and 10 mg of the degraded copolymer under a nitrogen atmosphere. The solution was left to stir at room temperature for 24 hours. The solvent was removed through rotary evaporation, followed by dissolution in dichloromethane. This was then washed with saturated sodium hydrogen carbonate solution and brine, and the solvent removed under reduced pressure. The resulting polymer was dissolved in THF and analysed by SEC analysis. 
Lipase Degradation
As a representative example, poly(VA-co-MDO) (P2) (15 mg) was added to 1 ml deuterated H 2 O, 5 mg of Lipase immobilized from Candida Antarctica beads (200 U/g) were added and the solution incubated with stirring at 37 °C. After 24 hours, the solution was filtered through a 0.22 µm filter and 1 H NMR spectroscopy and MALDI-Tof mass spectrometry were carried out. Figure S6 : Kinetic plot of overall conversion versus molecular weight and dispersity. Molecular weight determined by NMR and SEC is shown, as well as the theoretical molecular weight and dispersity of the polymer from SEC. Figure S6 : NMR of the initial P2 VClAc-MDO (t = 0, black) and the same polymer sampled after 10 minutes (red), 30 minutes (black), 2 hours (pink). NMRs were carried out in DMSO, and a methanol solvent peak can be seen at 3.16 in the 10 and 30 minute samples. As the reaction progresses the degradation becomes more prevalent (3.5 -3.75 ppm).
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